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Practitioner's Docket No. V M ^ 1 ^ 1^ X 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

REISSUE APPLICATION TRANSMITTAL 

Transmitted herewith is the application for reissue of U.S. 

S Utility Patent □ Plant Patent □ Design Patent 
No. issued on April 

lnventor(s): 'RAm t n *5>U( cx^^ ^ 

Title: |sie-^^c>,rK Lmk. De-t-^cV-^b^ and Gx c r or\ 
Enclosed are the following: 

1. Specification, claim(s) and drawing(s) (37 C.F.R. § 1.173) 

(a) □ page(s} of specification 

□ „ 3^ - page(s) of claims 

□ J page(s) of abstract 

NOTE: This must indude the entire spedffcation and daims of the patent with the matter to be omitted by 
reissLie endosed in square bradcets. Any additions made by the reissue must be underiined, so that 
the oid and new spedfications and daims may be readily compared. C/arms shouid not be renumbered. 
The numbering of daims added by reissue shouid foffow the number of the highest numbered patent 
daim. No new matter shail be introduced into the spedfication (37 C.F.R § 1.173). 
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CERTIFICATION UNDEil 37 C.F.II. § 1.10* 
(Express Mail labef number is ntmndmtory.) 

^Express MaH cerWtca^n is optionaL) 

hereby certify that this Reissue App/ication Transmittai and the documents referred to ^ fifjciosed therein are 



being deposited with the United States Postal Service on this date Ap^ 



envelope as "Express Mail Post Office to Addressee," mailing Laiael Number . 
addressed to the: Assistant Commissioner for Patents, Washington, D.C, 20231. 



[type or print name of person 



maifing paper] 




WARNING: Certificate of mailing (first dass) or facsimile transmission procedures of 37 C.F.R. § 1.S cannot be 
used to obtain a date of mailing or transmission for this correspondence, 

*WABNiNG: Eacn paper or fee filed by ''Express Mail" must have the number of the "Bcpress Mair mailing labei 
placed thereon prior to mailing. 37 C.F.R. § 1.1Q(b). 

"Sines the filing of correspondence under § h 10 without the Express Mail maiiing label thereon 
is an oversight that can be avoided by the exerdse of reasonable care, requests for waiver of this 
requirement will not be granted on petition * Notice of Oct. 24, 1996, 60 Fed, Reg. 56,439, at 56.442. 
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(b) H — [5, sheet(s) of drawing (drawings amended) 

IKI Formal 
□ Informal 

NOTE: "Amendments which can be made in a reissue drawing, that is, changes from the drawing of the patent, 
are restricted." 37 CRR § 1.1 74(b), 



No Changes in the drawings, upon which the original patent was issued, are to 
be made. Therefore, in accordance with 37 C.F.R. § 1, 174(a), please find at- 
tached, in the size required for original drawings: 

□ a copy of the printed drawings of the patent 

□ a photoprint of the original drawings. 

0 A letter requesting transfer of the drawings from the original patent file to 
this reissue application is attached, 

2. Declaration and power of attorney 

□ pages of declaration and power of attomey 

3. Preliminary amendment 

(check, if applicable) 

□ Attached 

4. Offer to surrender the original letters patent in accordance with 37 C.F.R. § 1.178 
is attached, 

□ Offer to surrender is by the inventor 

□ along with assent of assignee, 

□ Offer to surrender is by the assignee of the entire interest (and the reissue 
application does not seek to enlarge the claims of the original patent). 

5. Letters patent 

□ Original letters patent are attached, 

□ Declaration that original letters patent lost or inaccessible is attached. 
^ A copy of the original printed patent is attached. 

NOTE: VJie appiication may be accepted for examination in the absence of the originai patent or the dedaration 
but one or the other must be supplied before the case is ailowed," 37 C.F.R § 1.178. 

NOTE: 'yVhere the original patent grant is not submitted with the reissue application as filed, patentee should 
include a copy of the printed original patent Presence of a copy of the original patent is useful for the 
calculation of the reissue filing fee and for the verification of other identifying data." M,P.EP,, 6th ed., 
rev. 2, 5 1416. 

NOTE: If a reissue be refused, the original patent will 6e returned to applicant upon his request," 37 C F.P 
§ 1.178. 
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6- Petition to proceed without assignee's assent 

□ Attached hereto is a "PETITION TO PROCEED WITH REISSUE APPLICATiON 
WITHOUT ASSIGNEES ASSENT*. 

A. □ The fee payment is authorized in the attached: 

□ "REISSUE APPLICATION TFiANSMITTAL" Form 

□ "COMPLETION OF FILING REQUIREMENTS — REISSUE APPLI- 
CATION" Fomn. 

B, □ Payment is authorized below, 

7. Information Disclosure Statement 

□ Attached 

□ Copies of the IDS c:tation(s) is/are attached, 

8. Priority— 35 U.S.C. § 119 

□ Priority of application Application No. 0 / , filed on 

, in is claimed under 35 U.S.C. § 119. 

Country 

□ The certified copy has been filed in prior application Application No. 0 / 
, filed on 

9. Basic Filing Fee Calculation (37 C.F.R. § 1.16(h), (i) and Q)) 



CLAIMS AS FILED 


Number Filed 




Number Extra 


Rate 


Basic Fee 
(37 C.F.R. 1.16(h)) 
$760.00 


Total 
Claims 

(37 C.F.R § 1.160)) 


31 


- 20 (and also in 
excess of total 
claims in patent) \^ X 


$18.00 


3 H Q . c>o 


Independent 
Claims 

37 C.F.R. § 1.16(1)) 


5 


-(number of inde- 
pendent claims in 
patent) X 


$78.00 





Filing fee Calculation $ 14^3 .CO 



NOTE: Muhipie dependent dasms are treated as ordinary daims for fee purposes. 37 C.F.R. § 1.1 6§. 
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10, Small Entity Status (ff applicable) 
NOTE: A new statement is required for the reissue, even if one has been filed in the ori^nai patent 37 C.ER. 

WARNING: ^Smail entity status must not be estabOshed when the person or persons ^gning the, . , statement 
can unequivocaSfy make the required seif-certifrcadon. " M.P.EP. § 509.03, 6th ed„ rev, 2, July 
7996 (emphasis added), 

□ A statement that this filing is by a small entity is 
□ attached. 

Riing Fee Calculation (60% of above) $ 



H07B: If a statemerrt is filed within 2 months of the date of timely payment of a fee, then Uie excess fee paid 
wiii be refunded on request 37 C.F,R § 1.2B(a^, Effective Aprii 7, 7984. 

11. Additional Fee Payments 

□ Payment is being made for "PETITION TO PROCEED WITH REISSUE 
APPLICATION WITHOUT ASSIGNEE" 

(37 C.F.R § 1.17(h)) $130.00 



12- Total Fees Due 

Filing Fee 
Petition fee 



Total Fees Due $ [^^^.^0 

13. Method Of Payment of Fees 

□ Enclosed is a check in the amount of $_ 



S Charge Account No. SO- 0^5] in the amount of $ 2 ■ ^0 

A duplicate of this request is attached, 
NOTE Fees shouid be itemized in such a manner that it is dear for which purpose the fees are paid, 37 C.F.R. 
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14, Authorization To Charge Additional Fees 

WARNING: If no fees are to be paid an filing, the following items should not be completed. 

WARNING: Accurately count daims, espedaJly multiple dependent daims, to avoid unexpected high charges, 
if extra daim charges are authorized, 

H The Commissioner is hereby authorized to charge the following additional fees 
by this paper and during the entire pendency of this application to Account No. 

m 37 CF.R. § 1.16(a). (f) or (g) (filing fees) 

^ 37 CF.R. § 1.16(b), (c) and (d) (presentation of extra claims) 

NOTE: Because additionai fees for excess or multiple dependent daims not paid on filing or on later presentation 
must only be paid or these daims cancelled by amendment prior to the expiration of the tfme period 
set for response by the PTO in any notice of fee defidency (37 CF.R § 1, 16(d)), it might be best not 
to authorize the PTO to charge additionai daim fees, except possibly when dealing with amendments 
after finai action, 

S 37 C.F.R. § 1.16(e) (surcharge for filing the basic filing fee and/or declaration 
m on a date later than the filing date of the application) 

m Ea 37 C.F.R § 1,17(a)(1)-(5) (extension fees pursuant to § 1.136(a)), 

P 37 CF.R. § 1,17 (application processing fees) 

J ' I A/07H: "A written request may be submitted in an application that is an authorization to treat any concurrent 

future reply, requiring a petition for an extension of time under this paragraph for its timely submission, 
^J-l 3S incorporating a petition for extension of time for the appropriate length of time. An authorization to 

cftarye ail required fees, fees under § 1.17, or ail required extension of time fees will be treated as 
f"^ ^ constructive petition for an extension of time in any concurrent or future reply requiring a petition 

3n extension of time under this paragraph for its timely submission. Submission of the fee set forth 
'it § 1-1 7(a) will aiso be treated as a constructive petition for an extens/bn of time in any concurrent 

O ^i^iring a petition for an extension of time under this paragraph for its timely submission, " 37 

C.F:R § 1.136(a)(3), 

yl NOTE: "Amounts of twenty-five dollars or less will not be returned unless specifically requested within a 

;.n reasonable time, nor will the payer be notified of such amounts; amounts over twenty-five dollars may 

^ returned by check or, if requested, by credit to a deposit account," 37 C.F.R, § 1.26(a). 

□ 37 CF.R. §1.18 (issue fee at or before mailing of Notice of Allowance, pursuant 
to 37 CF.R. § 1.311(b)) 

NOTE: Where an authorization to charge tine issue fee to a deposit account has been filed before the mailing 
of a Notice ofAifowance, tfie issue fee will be automatically charged to the deposit account at the time 
of mailing the notice of ailowance. 37 C.F.R. § 1.311(b). 

NOTE: See 37 C.F.R. § 1.28. 

15. □ Additionai Enclosures 
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NETWORK LINK DETECTION AND 
GENERATION 

This application is a continuation-in-part of U.S. Sen No. 
07/971,018, filed Nov. 2, 1992, abandoned for "Network 5 
Link Endpoint Capability Detection," incorporated herein 
by reference. 

The present invention is directed to a method and appa- 
ratus for generating and detecting, in a network, such as a 
local area network, the link signals transmitted to or received 10 
from one or more endpoints of a data communication link, 
and in particular to a method and apparatus for generating 
one or a plurality of different link signals and determining 
whether a data source/sink at the end of a datalink has the 
capability of first data communication protocol or a second 15 
data communication protocol. 



BACKGROUND OF TEE INVENTION 

A typical data communication network is configured to 
operate according to a single predetermined protocol, e.g., 
an Ethernet protocol, a token ring protocol, other LAN 
protocols, or an isochronous protocol. An example of an 
Ethernet system is an implementation known as 10 Base T 
which is described in the draft Nine supplement to IEEE ^ 
standard 802.3, dated Nov. 15, 1989. Other examples of data 
communication protocols are X.25, and the Token Ring 
System, described for example, by IEEE Standard 802.5. 
Both Ethernet and token ring systems convey data in packets 
but each uses a different media access method. 

As shown in FIG. lA, in a packet system, data is 
transferred in a plurality of packets 12a, I2b which can be 
either constant-sized or variable-sized. Each packet includes 
a field of data 14a, 14^? which may be preamble information 
16a, 16^ housekeeping information such as data source 
information, data destination information, and the like 18a, 
18^ and a frame end marker 20a. As seen in FIG. lA, 
because the fields provided for data 14a, 14b are not 
substantially continuous, the packetized scheme of FIG. lA 
is not isochronous but "bursty" in nature. 

In a token ring system, a node is permitted to transmit data 
only after receipt of an electronic "token." As depicted in 
FIG. IB, a first station may transmit a token 22 which is 
received 24a by second station whereupon the second sta- 45 
tion may begin transmission of data 26a. After a period of 
data transmission, the second station transmits the token 22^? 
which is received by a third station 24^ that can then begin 
its ovm transmission of data 26^. As seen in FIG. IB, 
because data transmission is synchronized with the occur- 50 
rence of an event (the arrival of a token), the token ring 
system is not an isochronous data transfer system. 

FIG, IC schematically depicts isochronous data transfer. 
In general terms, isochronous data is data which is non- 
packetized and of indeterminate, potentially continuous 55 
duration. In isochronous data transfer, the data transfer is 
initiated, such as by initiating a telephone conversation or 
beginning a video camera transmission 30. After the data 
transfer or connection is initiated, transmission of the data, 
possibly accompanied by transmission of housekeeping 60 
information (such as destinations, audio or video trimming, 
and the like) is provided substantially condnuously for an 
indeterminate period such as until termination of the con- 
nection 32, Although it may be that not every bit transferred 
represents a data bit (since "housekeeping" bits may also be 65 
transferred), the transfer of data is substantially continuous 
in the sense that there are no substantial periods during 
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which no data bits are transferred. It is possible that the data 
being transferred is "Null" data such as silence during a 
telephone conversation or transfer of a blank video image. 
One type of isochronous data transfer protocol is* the Fiber 

5 Distributed Data Interface-II (FDDI-II) as described, for 
example, in FDDI-lI Hybrid Multiplexer, Revision 2.4, 
dated Mar. 25, 1991. 

Previous systems which were configured to use only a 
single-type protocol had the disadvantage that it was not 
possible to operate a mixed- protocol or "mixed-environ- 
ment" system. Also when upgrading a network system, it 
was necessary to upgrade the entire system and it was 
infeasible or wastefbl to upgrade only part of the system 
(such as only some of the nodes or such as upgrading nodes 

15 without upgrading hubs or upgrading hubs without upgrad- 
ing nodes). Additionally, when a system or system compo- 
nents were installed, or repaired it was necessary for the 
installing personnel to be familiar with the particular single 
protocol for which the network was configured and to make 

20 such installation, upgrade, or repair in accordance with such 
a single protocol. Furthermore, it was necessary that appa- 
ratus connected to the system be configured for exclusive 
operation in accordance with the predetermined single pro- 
tocol. 

25 

SUMMARY OF THE INVENTION 

The present invention includes a recognition of the prob- 
lems found in previous devices. According to an embodi- 
ment of the present invention an apparatus connected to one 
endpoint of a network link is able to detect which type of 
link signal, out of a number of possibilities is being received, 
thus indicating the protocol capability of the apparatus 
connected to the other end of the network link. In one 
embodiment, the apparatus is able to generate one of a 
plurality of link signals for transmission to the far end of the 
Ihik, depending on the capabilities of each end of the link. 
Preferably, a first end of the network link has a capability of 
providing data communication under at least two different 
protocols and can select the appropriate protocol depending 
^ on what type of protocol capability is detected in the 
apparatus at the other end of the link. 

Link endpoint capability detection takes advantage of the 
fact that different data communication protocols provide 
signals on the physical medium which have different char- 
acteristics. The various protocols can typically be detected 
by their unique timing and data patterns. According to one 
aspect of the invention, the network has a star topology with 
at least one hub and a plurality of nodes each node being 
coimected to a hub by physical media constituting the link. 
The capability detection of the present invention can be 
performed by apparatus at either end of a link, and in 
particular, in a star topology network can be conducted by 
the hub or by any node. In one embodiment, capability 
detection is initiated by the hub. In a non-star topology at 
least one node can operate under two or more protocols and 
can detect the capability of another node with which it is 
connected. 

Although, for convenience, much of the following 
description is in terms of hubs and nodes, aspects of the 
present invention can be implemented in topologies other 
than hub-and-node topologies (e.g., ring topologies, and tree 
topologies) as will be apparent to those of skill in the art. 
Descriptions of hub circuitry in the following can be impie- 
65 mented, e.g., on a PBX adapter card for a personal computer. 

The apparatus which initiates capability detection, 
according to one embodiment, transmits a signal onto the 
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physical medium. In one embodiment, the apparatus at the 
far end of the link outputs, onto the physical medium, a 
second signal. Preferably, a second signal will be output 
from the apparatus at the far end of the link, regardless or 
whether the apparatus at the far end operates according to a 5 
first protocol or a second protocol. However, the second 
signal which is placed onto the physical medium at the far 
end of the link has either a first form or a second form, 
depending on whether the apparatus at the far end has a first 
protocol capability or a second protocol capability. This lO 
difference in signal is detected at the first end of the link and 
this could be used as a basis for determining the protocol 
capability at the far end of the link. 

In another embodiment, the first apparatus outputs a first 
signal. The second apparatus outputs a response only if it has 
a first protocol capability. If no response is output, the first 
apparatus outputs a second signal in an attempt to elicit a 
response according to a second protocol. This process can be 
repeated until the first apparatus outputs a signal to which 
the second apparatus responds, thereby indicating a protocol ^0 
capability of the second apparatus. 

According to one embodiment, the first signal which is 
output, also carries information regarding the protocol capa- 
bility of the first endpoint. That is, preferably, the first signal 
has a first form if the first endpoint has a first protocol 
capability and it has a second form if the first endpoint has 
a second protocol capability. Preferably, the apparatus at the 
far end of the link will respond to either of these forms in the 
manner described above. 

30 

In the preferred embodiment, the apparatus which has 
detected the capability at the far endpoint adjusts its opera- 
tion to accommodate that capability. For example, when the 
first endpoint detects that the far endpoint has a first protocol 
capability, the first endpoint will configure itself to conduct 
subsequent communication using the first protocol. How- 
ever, if the first endpoint detects that the far endpoint has a 
second protocol capability, the first endpoint is able to 
configure itself to accommodate the second protocol capa- 

In one embodiment the far endpoint will have only a 
single protocol capability. However, it is possible to con- 
figure a network in which both link endpoints have multiple 
protocol capabilities and both can detect one or more 
capabilities at the opposite endpoint. The endpoints can then 45 
configure themselves to operate at the best or most desired 
protocol level. 



BRIEF DESCRIPnON OF THE DRAWINGS 

50 

FIGS. lA, IB and IC of the timing of a packet transmis- 
sion system, a token ring transmission system, and an 
isochronous transmission system respectively; 

FIG. 2 is a schematic block diagram showing three nodes 
connecting to a hub; 55 

FIG, 3 is a schematic block diagram showing a number of 
hubs connected together using a ring structure; 

FIG. 4 is a schematic block diagram of circuitry for 
multiplexing and preparing data for transmission over to 
media and for receiving information from the media and 
demultiplexing the data; 

FIG. 5 is a schematic block diagram of hub receiver 
circuitry according to an embodiment of the present inven- 
tion; 65 

FIG. 6 schematic block diagram of a hub transmitter- 
circuitry; 
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FIG. 7 in a timing diagram showing the relative timing of 
transmissions and receptions at the hub and nodes; 

FIGS. 8A-8E arc block diagrams depicting link endpoint 
capability detection for five different network configurations 
according to embodiments of the present invention; 

FIG. 9 is a block diagram of a node receiver, according to 
an embodiment of the present invention; 

HGS- lOA, lOB and IOC depict timing of 10 Base T link 
pulses, isolink pulse stream and isosleep link pulses, respec- 
tively; 

FIG. 11 depicts a state machine for generating various 
types of link pulses; 

FIG. 12 depicts a state machine for detection of 10 Base 
T links; 

FIG. 13 depicts a state machine for detection of isochro- 
nous or isochronous-ethemet pulses or fast link pulses; 

FIG. 14 depicts pulses for defining acceptance windows; 
and 

FIG. 15A-15D are block diagrams depicting circuitry 
components that can be used to implement state machines 
according to one embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
25 EMBODIMENT 

Before describing link endpoint capability detection, a 
general description of one type of network will be provided 
as one example of a data commimication system in which 
the present invention can operate. A data communication 
system can be configured in a star-topology with a plurality 
of nodes of 42^2, 42^7, 42c, (FIG. 2) each coupled to a hub 
44a by data links comprising physical data transmission 
media such as one-way twisted pair wires 46a-46/- The 
number of nodes can be adjusted depending on the data 
transmission needs and objectives of the system. In one 
embodiment, each hub is configured to accommodate con- 
nection with up to 16 nodes. Each 423, 42b, 42C includes 
circuitry 50a, 50^, 50c for receiving data, converting it to a 
form suitable for transmission onto the physical media 45a, 
46c, 46e using transmitters 78a, 7Sb, 78c and receipt of 
signals from the physical media 46^?, 46d, 46/ using receiv- 
ers 79a, 79b, 79c and conversion to a form suitable for use 
by the data sinks. Each of the nodes 42a, 42b, 42c includes 
42 data sources and sinks 4Sa-48g. The data sources and sinks 
can be isochronous sources and sinks such as video cameras 
48a, 48<i and monitors 48^, 48a, non-isochronous sources 
and sinks such as an Ethernet media access controller 48c, 
4Sg, and signaling or D channel sources and sinks such as 
2Q an emulated or virtual key pad 48/provided, for example, on 
a personal computer (PC) terminal. 

Each of the nodes 42a, 42^^, 42c can include various types 
of sources and sinks such as strictly isochronous sources and 
sinks, such as depicted for node one 42a, strictly non- 
55 isochronous sources/sinks as depicted for node three 42c or 
both isochronous and non-isochronous sources and sinks as 
depicted for node two 42b. The physical layer 52 of the 
network system depicted in FIG. 2 has portions which 
include the physical medica 46a-46/ and physical layer 
50 devices such as the node data receivers and converters 50a, 
50i?, 50c and the hub components 54a, 54^?, 54c and 56. The 
physical layer can include devices for providing, e.g., trans- 
ceivers for 10 Base T cables, data multiplexing, phase 
locked loop circuitry, FIFOs or other circuitry for cable 
65 length adjustment, smoothing, squelch and the like. 

The hub 44a includes circuitry 54a, 54^, 54c for receiving 
data from the physical media 46a, 46c 46e separating the 
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isochronous-sourced data from the non-isochronous- 
sourccd data and the D channel and M channel data and 
converting separated data into a form suitable for handling 
by downstream hub circuitry 56. In the depicted embodi- 
ment the separated isochronous-sourced data is provided to 5 
a time slot interchange controller 58 for placing the data on 
a high-bandwidth bus (e.g. the TSI bus) so that it can be 
transported to destination nodes or other TSI controllers in 
the hub or other hubs (as depicted, e.q. in FIG, 3) and/or 
retrieved by hub circuitry 54^1, 54b, 54c for transmission to k 
various destination nodes 42a, 42b, 42c, e.g. by a local 
loopback capability. The separated non-isochronous data is 
provided to circuitry 60 configured to convey the non- 
isochronous data to one or more of the hub circuitry 54^2, 
54b, 54c for, transmission to destination nodes 42a, 42b, 1. 
42c. In an embodiment in which non-isochronous-sourced 
data includes Ethernet data, the hub circuitry 60 can be a 
standard Ethernet repeater processor. In this way, the present 
invention can be at least partially backwards-compatible 
with previous Ethernet hub systems. The D channel and M 20 
channel information is provided to a signaling processor 62 
which performs various maintenance and control functions 
such as identifying and alerting users of error conditions, 
and setting up requested calls or connections, i.e. source/ 
destination paths e.g. by communicating with the isochro- 25 
nous and non-isochronous controllers 58, 60, e.g. over data 
path 64. The isochronous controller 58 can be, a data 
exchanger e.g., an isochronous switching device, such as 
that described in commonly-assigned application Ser. No 
08/146,337 entitled 'Time Slot Exchanger Switching 30 
Mechanism in a Network for Data Communication Having 
Isochronous Capability," filed on even date herewith and 
incorporated herein by reference. The non-isochronous con- 
troller 60 can be, e.g., an Ethernet repeater. As depicted in 
FIG. 3 a number of star-topology systems can be intercon- 35 
nected by connecting hubs 44a, 44b, 44c to one another, e.g. 
by a time slot interchange (TSI) ring. 

According to the present invention, data communication 
can be provided according to one or more of a number of 
protocols. Those skilled in the art are familiar with proto- 40 
cols, but in general, a "protocol" includes a standard set of 
rules that specify the format, timing, sequencing and/or error 
checking for data transmission. Several network protocols 
are referenced above, including an Ethernet protocol such as 
10 Base T, an isochronous protocol such as FDDI-II, and a 45 
token ring protocol Another possible protocol is one in 
which both isochronous and non-isochronous data are com- 
bined into a frame structure for transmission across physical 
media. A frame-structure protocol of this type is described in 
greater detail in commonly-assigned appiicadon Ser. No. 50 
07/969,916 titled "Network for Data Communication with 
Isochronous Capability" filed on Nov. 2, 1992 and incorpo- 
rated herein by reference. According to one such protocol, 
the incoming data from the various sources is provided to a 
multiplexer 70 (FIG. 4) which performs time-division mul- 55 
tipiexing on a four-bit basis. The pattern for the time division 
multiplexing is a repeating series of frames or templates. In 
tins embodiment, the frames are repeated every 125 micro- 
seconds. The time division multiplexing is a multiplexing of 
isochronous-sourced data and non-isochronous-sourced 60 
data. The non-isochronous-sourced data can be data pro- 
vided in accordance with a number of previously-available 
LAN systems and this protocol will be referred to, in 
general, as "isochronous-LAN" protocol. Several particular 
types of isochronous-LAN protocols are possible. When the 65 
isochronous data is multiplexed witii LAN data which is 
provided according to an Etiiemet protocol, such as a 10 
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Base T Ethernet protocol, the resulting time-division mul- 
tiplexed protocol will be referred to as an "Isochronous- 
Ethernet" protocol. When the isochronous data is multi- 
plexed with LAN data which is provided according to a 

5 token ring protocol, the resultant time multiplexed protocol 
will be referred to as an "isochronous-token ring" protocol. 

The present invention will be described below by way of 
a particular example in which one available protocol is an 
Isochronous-Eihemet protocol and another potentially avail- 

^0 able protocol is a 10 Base T protocol. However, as will be 
clear to those skilled in the art, the present invention can also 
be used in connection with other combinations of protocols 
such as isochronous-token ring or other isochronous-LAN 
protocols, pure isochronous protocols such as FDDI-II, and 

^5 can include three or more protocols. 

Tables and IB depict manners in which the various data 
streams, and additional data and control bytes can be time- 
division multiplexed in an Isochronous-Ethernet protocol. 
Each symbol in the Tables lA and IB represent four bits of 
data so that every group of two symbols represents one 8-bit 
byte of data. In Table lA, E represents four bits of data from 
the non-isochronous Ethernet stream 66b (FIG, 4), B des- 
ignates four bits of data from the isochronous stream 66a, D 
represents four bits of data from the signaling or D channel 

^ stream 66c, and M represents four bits of M channel data 
stream 66J. In addition, certain byte-length patterns are 
provided. JK represents a frame synchronization pattern and 
EM (the first two bytes of block three in Table lA represents 
an Ethernet "pad" followed by a maintenance byte. As seen 

'^^ in Table lA each frame contains 256 bytes which can be 
considered in thirty-two groups of eight bytes each, or four 
blocks of sixty-four bytes each. The frame structure is 
described more thoroughly in commonly-assigned applica- 
tion Ser. No. 07/969,911 tided "Network for Transmitting 
Isochronous-Source Data with a Frame Structure" filed Nov. 
2, 1992 and incorporated herein by reference. Frame struc- 
tures other than that described in Table lA may be used to 
allocate bandwidth according to a particular purpose. Table 
IB shows one of the many alternate formats. In general, 

^ Table IB is similar to Table LA with replacement of "E" 
symbols with "B" symbols. As seen in Table IB, the last one 
or two bytes in each block are "Idle" data bytes. 

As shown in FIG. 4, the time-multiplexed data is then 

^2 encoded by an encoder 72, In the depicted embodiment, the 
encoder performs four/five encoding. One particular form of 
four/five encoding conforming partially to the ANSI X3T9.5 
standard, is depicted in Table II. The encoding scheme 
depicted in Table II is described in greater detail in com- 
monly-assigned application Ser. No. 07/970,329 dtled 
"Frame-Based Transmission of Data" filed on Nov. 2, 1992 
and incorporated herein by reference. 

The output from the encoding devices is sent to pre- 
emphasis circuitry 76. The pre-emphasis circuitry compen- 

55 sates the signal transmitted onto the physical medium to 
reduce the jitter. The data output by the pre-emphasis 
circuitry 76 is sent to a transmitter or driver ISb and the 
signal is transmitted over the physical medium 46£7. The 
physical medium 46c can be any of a number of media types 

60 including twisted pair, coaxial or fiber optic cable. 

The data sent over the physical layer interface is received 
in the hub 442. The hub contains a plurality of circuit 
devices 54a, S4b, 54c, each one coupled to one of the nodes 
42a, 42^, 42c by the physical media 46. As depicted in FIG. 

65 5 the data transmitted over the physical media 46 arrives 
serially at a de-serializer/decoder 80. Link detect circuitry 82 
also receives the data from the physical layer portion inter- 



face for detection of the mode or protocol in which the node 
is operating as described movQ fiilly below. The de-serial- 
izer/decoder 80 receives a reference clock signal 84. The 
de-serializer/decoder includes circuitry which is function- 
ally an inverse of the multiplexing/encoding circuitry 5 
described above. Referring to FIG, 4, the de-seriaiizer/ 
decoder includes phase lock decode circuitry 86, the results 
of which are provided to NRZI decode circuitry 88 which, 
in turn, provides the decode results to four/five decode 
circuitry 90, in turn providing results to a de-multiplexer 92 
which separates the received data into the isochronous- 
sourccd data 94a, the non-isochronous-sourced data 94b and 
signaling data, such as D channel and M channel data 94c. 
The de-serializer/decoder 80 also outputs a synchronization 
signal, derived from the JK frame synchronization symbols 
96 for use by a framing timing generator 98. 

Both the non-isochronous-sourced data 104 (FIG. 5) and 
the isochronous-sourced data 102 are made available to the 
various hub circuitry 56 or components 54a, 54^, 54c, as 
needed for transmission back to destination nodes. In one 
embodiment, the separated isochronous data 102 and non- 
isochronous data 104 are reconfigured by the respective 
interfaces 58, 60 to provide isochronous output 102 and 
non-isochronous output 104 in a form suitable for process- 
ing so as to provide the data as needed for transmission to 
the destination nodes via the physical layer. In one embodi- 
ment, the non-isochronous data 94b can be configured by the 
physical layer E interface 59 (FIG. 5) so that the output data 
104 can be processed by a repeater device 60 for eventual 
transmission to destination nodes. As an alternative to using 
a repeater for the non-isochronous data, packet connections 
may be linked through media access control layer bridges. 
Preferably, the output data 104 is in a form such that it can 
be handled by repeater circuitry of types previously avail- 
able. For example, when the nonisochronous data 94^? within 
the physical layer is data which originated at the node 42b 
from an Ethernet MAC, the output data 104 is in a form such 
that it can be handled by a standard Ethernet hub repeater 60 
such as DP83950 "Repeater Interface Controller" (RJC) 
available from National Semiconductor Corporation, Santa 
Qara, Calif. 

As shown in FIG. 5, the data received over the physical 
link 46 is also provided to an additional interface for 
handling data according to a second protocol, as described 
more thoroughly below. For example, when the second 45 
protocol is an Ethernet 10 Base T protocol, a 10 Base T 
interface 512 can be provided. The 10 Base T receive 
interface 512 can be a standard 10 Base T interface, such as 
Model DP83922 'Twisted Pair Transceiver Interface" (TPI) 
available from National Semiconductor Corporation, Santa 50 
Clara, Calif, A multiplexer 514 determines whether the 
repeater 60 receives a data stream from interface 59z or the 
10 Base T interface 512. This selection by the multiplexer 
514 is controlled by a mode select signal output over control 
line 516 from the link beat detect circuit 82 as described 55 
more fully below. 

The data 198 output from the E transmit interface 168 is 
provided along with isochronous data output 164 and M 
channel D channel data 170 to encoder serializer circuitry 
202, depicted in FIG. 6. The encoder/serializer 202 is 60 
configured substantially like the encoding circuitry found in 
the node and depicted in FIG. 4. Specifically, the encoder/ 
serializer 202 provides a multiplexer for combining the three 
streams of data 198, 170, 164, a four/five encoder, an NRZI 
encoder, and pre-emphasis circuitry. The timing of trans- 65 
mission is controlled by transmit timing circuitry 204. 
Output 206 from the encoder/serializer is selectively com- 
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bined with link beats from a link beat generator 208 by 
multiplexer 210 for purposes of link end point detection, as 
described below. The clock signal and the data 166 from the 
repeater 60, in addition to being provided to the E interface 
5 168 is also provided to a second interface which operates 
according to a second protocol. When a second protocol is 
an Ethernet 10 Base T protocol, the interface is an Ethernet 
10 Base T interface 520. The Ethernet 10 Base T interface 
transmit 520 can be of a type substantially identical to 10 
Base T interfaces provided in previous apparatus such as 
Model DP83922, 'Twisted Pair Transceiver Interface (TPI)" 
available from National Semiconductor Corporation, Santa 
Clara, Calif. The output from the Ethernet 10 Base T 
interface 520 is provided to the multiplexer 210. Multiplexer 
210 is able to select, in response to a control signal 522, 
whether to output data originating from die repeater 60 
according to a first protocol determined by the E interface 
168, or according to a second protocol determined by the 
Ethernet 10 Base T interface 520, as described more fully 
below. The data sent from the hub 44a to the nodes 42 is sent 
in a frame format which is preferably substantially the same 
as the frame format used for the data sent from the nodes 42 
to the hub 44^ as described above. At the nodes 42, the 
circuitry 50 includes devices (FIG. 4) for decoding and 
de-multiplexing data, similar to that described for perform- 
ing these ftinctions in the hub, niainly a phase lock decode 
86, and NR2I decode 88, a four/five decode 90, and a 
de-multiplexer 92. Decoded and de-multiplexed data is then 
delivered to the various data sinks in the nodes 42. 
3Q As shown in FIG. 7, the timing of the system can be 
synchronized with a 125 microsecond reference clock signal 
214. In this example, the reference signal 214 provides an 
ascending clock edge every 125 microseconds. The refer- 
ence signal can be provided by any of a number of sources. 
25 Preferably, an embodiment of the present invention is con- 
figured to permit a reference signal 214 to be synchronized 
to an external clock reference, such as a reference signal 
from a wide area network or from a FDDI-II ring. The 
reference signal can be supplied through one of the nodes 
and transmitted to the hub for distribution to the other nodes, 
or can be supplied direcdy to the hub for distribution. 

FTG. 8A depicts a network configuration in which the hub 
530a in a 10 Base T hub and the node 532a is a 10 Base T 
node, both of which are found in previously-available 
45 devices. In this system, the 10 Base T hub sends a signal, 
specifically a link test pulse, in accordance with IEEE 
Standard 802.3, over the physical medium to a 10 Base T 
node 532a, In a typical system, the 10 Base T hub outputs 
a signal upon being powered-up. The link test pulse used in 
50 previous devices is described in IEEE Standard 802.3. 
Briefly, a link test pulse can be described as a single 100 
nanosecond pulse occurring at a nominal 16 millisecond 
interval. The 10 Base T node 532a, t>T)ically in response to 
being powered-up, outputs onto the physical medium a 
55 second signal, which, in accordance with IEEE 802.3, is 
substantially identical to the above-described link test pulse. 
This link test pulse is received by the 10 Base T hub 530a. 
At this point, a 10 Base T hub proceeds to operate on the 
basis that it is connected to a 10 Base T node (532a) and the 
60 node 532a begins to operate on the basis that it is connected 
to a 10 Base T hub (530a) and normal 10 Base T commu- 
nication proceeds. 

FIG. 8B depicts a configuration according to one inven- 
tion in which an Isochronous-Ethernet hub 530^? is con- 
65 nected to a 1 0 Base T node 532a. The Isochronous-Ethernet 
hub outputs a probe signal 534. A probe signal differs from 
the link test pulse in diat it has a faster link beat, for example 
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having a beat period of less than about 2 milliseconds. The 
10 Base T node 532a is configured substantially identically 
to previously available 10 Base T nodes. Upon receipt of the 
probe pulse 534, it continues to output a link test pulse onto 
the physical medium. The isochronous- Ethernet hub 530b, 
upon receiving a link test pulse (rather than a probe pulse) 
can detennine, on that basis, that the apparatus connected to 
the far end of the physical medium is a 10 Base T node 532a 
(rather than, for example, an isochronous-Ethernet node). 
Preferably, the isochronous-Ethernet hub 5306 is capable of 
handling data either according to an isochronous-Ethernet 
protocol or a 10 Base T protocol. Upon receiving a link test 
pulse and determining that the node 532a is a 10 Base T 
node, the isochronous-Ethernet hub 530^ will configure 
itself to conduct all future communications with node 532a 
using a 10 Base T protocol. 15 

Although FIG. 8B shows only a single node 532a con- 
nected to the hub 53Qb, in a typical configuration, a plurality 
of nodes will be connected to each hub. Preferably, the hub 
530b is capable of using different protocols with different 
nodes. Accordingly, an isochronous-Ethernet hub which is 
connected to both a 10 Base T node and an isochronous- 
Ethernet node can determine the capability of each node to 
which it is connected and can use the appropriate protocol 
for each node. 

FIG. 8C depicts a network configuration in which a 10 
Base T hub 530a is connected to an isochronous-Ethernet 
node 532^7. Upon initialization of the system the 10 Base-T 
hub outputs a link test pulse 533. In the depicted embodi- 
ment the Isochronous-Ethernet node 532^ can operate 
according to an Isochronous-Ethernet protocol. Therefore, 
upon receiving the link test pulse 533, it outputs a link test 
pulse 533. Accordingly, the 10 Base T hub 530a can only 
send Ethernet data and no isochronous data. 

FIG. 8D depicts a network configuration in which an 35 
Isochronous-Ethernet hub 530c is connected to an isochro- 
nous node 532c. In the embodiment depicted in FIG. 8D, the 
node 532c only has isochronous protocol capability, but the 
hub 530C has both an isochronous-Ethernet protocol capa- 
bility and an isochronous protocol capability. In this embodi- 40 
ment, upon initialization of the system, the hub 530c outputs 
an isochronous probe pulse 535. The isochronous node 
532c, upon receiving the isochronous probe pulse 535, can 
determine that the hub to which it is attached is an isoch- 
ronous-capability hub and will configure itself to conduct all 45 
future communications with the hub 530c according to an 
isochronous protocol. Thus, the isochronous node 532c 
preferably contains isochronous apparatus similar to appa- 
ratus found in the hub 503c for detecting circuitry at the 
other end of the link or physical medium and, thereafter, 50 
using the appropriate protocol. The isochronous node 532c, 
in response to receipt of the iso probe pulse 535, outputs an 
iso probe pulse 535. The hub 530c, upon receipt of the iso 
probe pulse, will commence normal isochronous hub opera- 
tions. 

FIG. 8E a configuration in which an Isochronous-Ethernet 
hub 530b is connected to an Isochronous-Ethernet node 
532^. When the system is initialized the Isochronous-Eth- 
ernet hub 530b outputs a probe signal such as an isoEnet 
probe, on the physical medium. When the Isochronous- 60 
Ethernet node 532^? receives the isoEnet probe signal it is 
able to detennine that the hub to which it is connected is an 
Isochronous-Ethernet hub. The Isochronous-Ethernet node 
532b then outputs an isoEnet probe signal 534 onto the 
physical medium which is received by the isochronous 65 
Etiiemet hub 530^. When die Isochronous-Ethernet hub 
5306 receives an isoEnet probe signal it can determine that 
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the node 532b to which it is connected is an Isochronous- 
Etnemet node and will conduct all future communications 
with this particular node according to the Isochronous- 
Ethernet protocol. 

5 FIGS. 5 and 6 depict components in the hub which are 
used in connection with link endpoint capability detection. 
As depicted in FIG. 6, a link beat generator 208 is provided 
for outpuuing the appropriate probe signal. A control signal 
522 controls the multiplexer 210 so that the probe signal 208 

IQ is output onto the physical medium 46 at the appropriate 
time, e.g., upon initialization of the network system. 

FIG. 9 depicts circuitry 50 in an Isochronous-Ethernet 
node. Circuitry 542 would be provided in a node which can 
operate in accordance with two protocols. Nodes which 

j5 provide only a single protocol would not include circuitry 
542 and the E interface 59' would be connected directly to 
the Ethernet MAC 49c. The probe pulse received over the 
physical medium 46 is detected by the link beat detector 
circuitry 82. Circular 82 can include, for example a state 
machine, for detecting the sequence and interval of the pulse 
or link test pulse. The link beat detector circuitry 82 outputs 
a mode select signal 516 for controlling the multiplexer 514, 
The control signal 516 is configured to set die multiplexer 
514 such that the Ethernet MAC 48C is connected to the 
output of the Isochronous-Ethernet interface 59' so that 

25 future data received over the physical medium 46 is treated 
in accordance with the Isochronous-Ethernet protocol. If the 
link beat detector 82 detects the link test pulse rather than an 
iso pulse signal, it outputs a mode select signal 516 which 
configures the multiplexer 514 to connect the Ethernet MAC 

30 48C with the Ethernet 1 0 Base T interface 512 so that future 
data received over the physical medium is treated in accor- 
dance with Ethernet 10 Base T protocol. The mode select 
signal 516 also provides a signal to a control circuit in a node 
transmitter. The node transmitter is not separately depicted 

25 in detail since it is substantially identical to the hub trans- 
mitter depicted in FIG, 6. 

The node transmitter control 522 in response to the mode 
select signal 516 (indicating receipt of a link test pulse or 
other probe pulse) configures the multiplexer to output an 

40 appropriate pulse signal from the link beat generator 208 
onto the medium 46, In some embodiments, nodes and/or 
hubs are configured to output a link test pulse or a probe 
pulse (depending on the capability of the hub or node), 
whenever the hub or node is powered-up. For embodiments 

45 in which the link beat detect 82 is able to discriminate 
between a link test pulse and a probe signal such as an iso 
probe pulse, the mode select 516 can configure the link beat 
generator 208 to output a link test pulse in response to a link 
test pulse and an iso probe pulse in response to a probe 

50 signal. The signal output by the node transmitter is received 
in the hub receiver 54 (FIG. 5). The hub receiver link beat 
detect circuitry 82 detects the output of the probe pulse from 
the node transmitter. When the signal is a probe signal, 
circuitry 82 outputs a mode select signal 516 which is 

55 effective to control the multiplexer 514 to connect the output 
from the E interface 59' to the repeater 60. In this way, the 
hub receiver is now configured to process future signals 
received from the node over medium 46 according to an 
Isochronous-Ethernet protocol . The node select signal 516 

60 also provides an input to control signal 522 which, in 
response, configures the multiplexer to place the output 206 
from the encoder/serializer 202 onto the physical medium 
46, rather than using the output from the 10 Base T interface 
536. In this way, the transmitter is now configured to output 

65 data according to the Isochronous-Ethernet protocol. 

If the signal output from the node is a link test pulse rather 
than probe pulse, the link beat detector 82 outputs a mode 
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select signal 516 which configures multiplexer 514 to con- 
nect the Ethernet 10 Base T interface 512 with repeater 60 
and configures the multiplexer to send output 536 onto the 
physical medium 46, rather than output 206, 

In one embodiment, generation and detection of link 
pulses involves a number of changes of state, as described 
below by way of state machine descriptions and diagrams. 
In one embodiment, the operation can be described by three 
state machines, a first state machine for generating various 
types of link pulses ("LINKGEN"), a second state machine 
for detection of a 10-base T link ("LINKIOBTSM") and a 
state machine for detection of isochronous or Isochronous- 
Ethernet pulses or fast link pulses ("LINKISOSM"). 10 
Base T link pulses are transmitted and, in turn, detected on 
both sides of the medium such as the twisted pair medium, 
to signal the proper connectivity. In isochronous systems, 
the fast link pulses are generated during power-on initial- 
ization, during traumatic error recovery, or when a connec- 
tion is running on emergency power. Fast link puises can be 
differentiated from 10 Base T link puises since the fast link 
pulses occur in bursts rather than singly. A third type of link 
pulse "isosleep" is used to indicate that the device originat- 
ing the pulses is in a low power or "sleep" mode and to 
convey cycle timing. Low power mode is described in 
commonly assigned application, U.S. Ser. No. 08/147,359 
for "Low Power Isochronous Networking Mode" filed on 
even date herewith and incorporated herein by reference. 
The 10 Base T link pulses have the form of a 100 ns pulse 
generated every 16 ms (FIG. lOA). In the depicted embodi- 
ment, the isolink pulse stream consists of pulse pairs. Each 
pair consists of a clock pulse and a data link pulse. In the 
depicted embodiment, the spacing between the clock pulse 
is 125 lis. This value is preferred because it is the same as 
the public network time and it is a clock time that is readily 
available to the system, as described above. The clock and 
data link pulses are separated from each other by 62.5 
microseconds. The pairs are repeated 16 times and, follow- 
ing the 16the transmission of a pulse pair, an additional link 
pulse 1006 is transmitted 62,5 microseconds after the last 
data link pulse position. The isolink pulse stream is depicted 
in FIG. lOB. As shown, clock link pulses 1002a, 1002^ 
always occur, while data link pulses 1004*3, 1004Z? occur to 
represent a data "1" (shown in phantom) and are missing to 
represent a data "0". Thus, the isolink pulse stream can be 
used to transmit information and, in one embodiment, is 
used to encode information such as the type of device which 
is transmitting, (e.g., hub versus node) the isoethemet sig- 
naling data rate, and the information content of the isoeth- 
emet channel (e.g., clear channel, ATM mode, isochronous 
Ethernet). 

The isosleep link pulses consist of one pulse 1020a, 
lQ2Qb transmitted every 125 ^is in phase with the transmit 
sync signal, as depicted in FIG. IOC. 

In one embodiment, the hub initially begins generating an 
isoethemet "fast" link pulse to each node to which it is 
connected. If the far end is a 10 Base T node, this node will 
begin transmitting a 10 Base T link pulse after it has received 
the pulse or pulse train sent from the hub. If a 1 0 Base T node 
at the far end fails to receive a proper link pulse or stream 
of link puises, it will enter a "link loss" state in which it will 
remain until it receives a specific sequence indicating that 
the network or link is now operable again. When the hub 
receives a 10 Base T link pulse from the node, it will 
configure itself to thereafter send out 10 Base T communi- 
cations to that node. 

If the far end of the link was an isoethemet node, the 
isothemet node will respond to receipt of a proper isoeth- 
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emet pulse train (fast link) by transmitting an isoethemei 
pulse train (fast link). Thereafter, both ends of the link will 
configure themselves to transmit in isoelhemet mode. 
^ In this way, the hub will be assured that the communica- 

5 tion link is working properly in both directions. In certain 
previous systems, communications did not require a "hand- 
shake," i.e., verification of properly working link in both 
directions and accordingly, in these previous devices it was 
possible for there to be a partially broken link (e.g., a link 

IQ which was operating in one direction and not the other) that 
went undetected. 

FIG. 11 depicts the LINKGEN state machine according to 
one embodiment of the invention. As seen in FIG. 11, this 
state machine has four states. State LGl "LINKIDLE" is an 

15 idle state in which the link generator state machine is waiting 
for an event to generate a link pulse. State LG2 1104 is a link 
pulse state. The machine waits at this state for approximately 
250 ns until the end of the interval when the cycle synchro- 
nization symbol is sent before generating a data link pulse, 

20 State LG3 1106 is die link data state. The machine waits at 
this state to generate a data link pulse. State LG4 1108 is the 
link clock state. The machine waits at this state to generate 
a clock link pulse. Equations governing the transidon 
between states in pseudo "C" termdnology are provided in 

25 Table III. In each case, the first line indicates the condidon 
which causes the transidon of state to occur and the remain- 
ing lines indicate values that are assigned, incremented, 
cleared or reset. The meanings of terms in Table III are 
provided in Table IV. 

30 As seen from FIG. 11, the state machine leaves the link 
idle state under three condidons. The first 1114 is a 10 Base 
T link pulse dmeout designated LGll. After waiting 16 ms 
from the previous link pulse, a link pulse is generated. In the 
isosleep link pulse dmeout designated LG12 (1112), after 

35 waidng 1 25 ^is from the previous link pulse, a link pulse is 
generated. In the isolink link pulse timeout designated LC13 
(1110), after waiting 16 ms from the previous link pulse, a 
link pulse stream will be generated. 

The state machine leaves the link pulse state 1104 after 
generating a link pulse. In the isolink data wait, after 
generating a link pulse, die machine makes a transition to 
begin timing the data link pulse. In the isolink clock wait, 
after generating a data link pulse, the machine makes a 
transition to begin timing the clock link pulse. 

The machine leaves the link data state in eidier of two 
conditions. In the isolink 1 data puise, after waitmg a half 
cycle, a data link pulse will be transmitted. In the case of an 
isolink 0 data pulse, after waiting a half cycle, no data link 
pulse will be transmitted. 

50 

The machine leaves die link clock state 1108 in die case 
of an isolink clock pulse. After waiting a half cycle, a clock 
link pulse will be transmitted. 
The 10 Base T link detection state machine 

55 ("LINKIOBTSM'*) is depicted in FIG. 12. This state 
machine can be compared to the 10-Base T detector 
described in IEEE Standard 802.3. However, die state 
machine depicted in FIG. 12 includes the state "freeze-lO- 
Base" 1202 which acts to disable diis machine when fast link 

60 pulses are detected. Table V indicates the conditions for die 
various transitions shown in FIG. 12 and the variable 
assignments diat are associated with each transition. 

Table VI indicates the meaning of various parameters. 
Following a reset 1204, die machine will enter the link test 

65 reset state 1208. From diis state, the machine will either 
remain in this state 1210, transition to the link test fail state 
1212, transition to the link test extend state 1214 or transi- 
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tioh to the freeze- 10-base state 1202. The transition to the 
freeze- 10-base state occurs if the fastiink parameter is 
*'true". The same conditions will also cause a transition from 
the link test fail state 1212 or the link test extend state to the 
freeze- 1 0-Base state. Once in the freeze- 1 0-B ase state 1202, 5 
the state machine will, by default, remain in this state 1202 
as long as the fastiink parameter is ''true." In this situation 
the freeze- 10-base state will transition to the link test reset 
state 1208, In this way, the state machine will respond to 
receipt of a nomal 1 0-B ase T link pulse but will enter the 
freeze state 1202 in response to receipt of a fast link pulse. 

The state machine which detects a fast link pulse 
("LINKISOSM") is depicted in FIG, 13. Table VII indicates 
the conditions which cause state transitions as well as the 
assignment of variables or parameters associated with state 15 
transitions. Table VIII indicates the meaning of the various 
parameters. 

The state machine depicted in FIG. 13 has nine separate 
states. The iso-idle state 1302 is entered upon reset or 
receive activity. The iso first pulse state 1304 is entered when 20 
a link pulse is detected but at a point when it does not yet 
qualify as a fast link pulse. The isofirst pass state 1306 is 
entered when a qualified fast link pulse is detected. The 
isosecond pass 1308 state is entered when a qualified second 
link pulse is detected. The isothird pass state 1310 is entered 25 
when a qualified third link pulse is detected. The isofast link 
state 1312 is entered after the requisite number of fast link 
pulses has been detected, but when the machine is waiting 
for data information or a clock pulse. The isofind clock state 
1314 is entered when a clock pulse within a burst is detected. 30 
The isoshift 0 state 1316 is entered when 0 data pulse is 
detected and the isoshift 1 state 1318 is entered when a 1 
data pulse is detected. 

To distinguish between a clock pulse and a data pulse, a 
series of acceptance windows are defined from the begin- 35 
ning of the first pulse which is assumed to be a clock pulse. 
As depicted in FIG. 14, at the beginning of the first clock 
pulse 1402, a first acceptable clock window 1404 of 31.25 
^is is defined. Thereafter, a series of acceptance windows, 
alternating between an acceptable data window 1406 and an 
acceptable clock window 1408 are defined, each of these 
windows having a duration of 62.5 \xs. 

The state machines, described above, can be implemented 
in the context of a number of circuitry components. In one 
embodiment, the circuitry components include a link timer, 
FIG. 15A, a number of link registers 1502 (HG, 15B), 
coupled to a link comparator 1504, the link ISO state 
machine (FIG. 15C) and the link 10 Base T state machine 
(FIG. 15D). Table IX describes the function of the various 
signal lines depicted in HG. 15A-15D, not previously 
described. 

In general, the link timer circuit 1506 provides a number 
of timers which are used by the state machines to distinguish 
between pulse signals and other signals and to distinguish 
between various types of pulses and pulse streams, as 
described above. A number of the timers found in these 
circuits, and the function and default valves, are listed in 
Table X. 

The link registers 1502 are used for storing information, go 
including information encoded in the data pulses of the 
isoethemet pulse stream and for outputting information, 
such as information extracted from the data pulses. 

In view of the above description, a number of advantages 
of the present invention can be seen. The present invention 65 
allows a network to be configured in a mixed protocol or 
mixed environment, with, for example, a single hub con- 
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nected to a plurality of nodes which operate according to 
different protocols, with the configuration being achieved 
automatically, without the need for manually establishing a 
predetermined protocol beforehand for each node. The 

^ present invention permits networks to be upgraded incre- 
mentally so that it is not necessary to upgrade all nodes at the 
same time. Furthermore, it is not, in general, necessary for 
service personnel to specifically configure nodes or hubs to 
accommodate particular protocols since the protocols are 
determined automatically and the nodes and hub configure 
themselves in accordance with the determined protocols, 

A number of variations and modifications of the present 
invention can be used. Although an embodiment involving 

15 a 10 Base T protocol and an Isochronous-Ethernet protocol 
was described, the present invention can be made applicable 
to other protocols, including other LAN protocols such as a 
token ring protocol, an isochronous protocol and the like. 
Although the present invention described one particular 

20 signal characteristic used for determining the protocol, other 
characteristics could also be used. For example, a token ring 
could be detected by the presence of four or 16 Mbit/sec 
Manchester-encoded data. Other LANs can be detected by 
their unique timing and data patterns. Protocols could also 

25 be detected using such characteristics as the pattern of the 
presence or absence of a carrier, and the frequency spectrum 
of signals placed onto the physical medium. When a node 
has a capability of communicating under two or more 
protocols, e.g. either an Isochronous-Ethernet protocol or a 

30 pure Ethernet protocol, it would be possible for a hub to use 
both capabilities of a node, i.e., to communicate according 
to a first protocol during a first time period and a second 
protocol during a second dme period. Although the present 
invention has been described in the context of a star topol- 

35 ogy, the invention could also be used in a non-star topology, 
such as a ring topology or a tree topology. The present 
invention can be used in networks which do not have a hub, 
such as direct connections between two nodes with each 
node determming die protocol capabilities of the other node. 

40 As described above, the link test pulse and iso probe signals 
are related in that, for example, a 10 Base T node will 
respond in the same fashion to receipt of either type of pulse. 
However, the test signals could be provided in forms which 
are unique to each type of protocol. In such a system, a data 

45 source/sink would output a first type of test pulse or other 
signal and, if no response was received, would output a 
second type of test pulse or signal, and so forth until a 
response was received indicating the protocol capability at 
the other end of the link. A data source/sink could be 

50 configured to determine all possible protocol capabilities of 
the apparatus at the other end of the link, rather than 
determining the '*highest" or "best" capability available or 
using the first capability detected. The devices at each end 
could select a protocol capability other than the "highest" or 

55 "best" capability. It would be possible for a node to store an 
indication of its capabilities, such as in a table or other 
memory device, and to output the informadon upon receiv- 
ing an inquiry. It would also be possible for a network to 
initialize in a common protocol, e.g., a 10 Base T protocol, 

60 and, thereafter, exchange information, using that protocol, 
indicating additional protocol capabilities of the components 
of the system. Thereafter, the systems could reconfigure 
themselves to use desired ones of the available protocols. 
Although the present invention has been described by way 

65 of preferred embodiments and certain variations and modi- 
fications, other variations and modifications can also be 
used, the invention being defined by the following claims. 
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EM = Ethernet Pad & 4 Maintenance Bits 
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JK = Frame Synchronization Pattern 
M = Maintenance Channel 
D = D Channel 
I - Idle Data 



B = Isochronous Channel 
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K 


10001 


Frame Sync Part 2 
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30 



45 



50 

TABLE III 



LG 13: isolink & 16ms 





clr 16ms 




index = 0 




clr 62.5us 




lp-1 


LG U: 


lObaseT & (16 ms 1 txen) 




clr 16ms 




ip=!txen 


LG 12: 


isosleep & sync 




ch" 16ms 


LG21: 


!sync 




lp=l 


LG 34 


62.5 |us 




clr 62.5 




lp=dala[ index] 
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^0 TABLE Ill-continued 

LG 43 62.5 ^is & (index != 15) 

lp=l 

inc index 

LG 41- 62.5 ix& & (index=15) 

25 lp=l 



TABLE IV 
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Term 


Meaning 


Value 


isoiink 


Enables Generation of isoiink 


Not Applicable 




pattern 




16ins 


16 ms timer 


16 ms 


62.5US 


62.5 ]is timer 


62.5 fis 




link pulse 


Not Appbcable 


txen 


Transmit enable 


Not Applicable 


isosieep 


Enables Generation of link 


Not Applicable 




low power bnk pulses 




sync 


Signal from template 


Not Applicable 




generator indicating start of 






cycle 




10 Base T 


Enable, Generation of 10 Base 


Not Applicable 




T link pulses 



TABLE V 



^•^ I reset 

lObaset = 1 
linkgood = 1 
setllt - 1 
setltmt = 1 
bpl = receive + {linkpulse * 
50 ItmtDone) 
lObaset = 1 
linkgood = 1 
sellh = 1 
setltmt = I 

bp2 = fasilink 

55 bp3 = I ttdone *re ceive * 

linkpulse 
loadlc = 1 
lObaset = 1 
bp4 = receive 

lObaset = 1 

bp5 = fastlink 

bp6 = receive * linkpulse 
iObasct = 1 
setltmt = 1 
setltxi - 1 
bp7 - LCDone + receive 
lObaset = 1 
°^ bp8- fastHnk 
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TABLE V-continued 



bp9 = linkpulsc * ItmtDone 
iObasei = 1 

declc = 1 5 
bplO = receive * ItxtDone + 
linkpulsc * ItmtOone 
lObasct = 1 
loadlc ^ 1 
bpll = receive * txe 

iObasei =1 -^q 
linkgood = 1 
seillt = I 
setltnit = 1 
bpI2= Mink* 

receive * txe 
bpl3 - receive 

lObaset = 1 
bpl4 = receive 

IObasei = 1 
bpl5 = fastiink 

loadlc = I 
lObaset = 1 



TABLE VI 


Term 


Meaning 


Value 


lObaset 


Enable lObase-T Mode 


Not Applicable 


Hnkgood 


lObaset state machine has 


Not Applicable 




detected good link pulses 




setUt 


Set Limit Loss Timer 


Not Applicable 


setltmt 


Set Link Timer Min Time 


Not Applicable 


receive 


Now CaDed ipact 


Not Applicable 


linkpulses 


Link Pulses from Front End 


Not Applicable 


ItmtDone 


Link Time Min Timer Done 


4 ms 


fastiink 


Iso Link Deteaor 


Not Applicable 


lltdone 


Link Loss Timer Done 


60 ms 


loadlc 


Load Link Counter Counts Link 


Not Applicable 




Pulses 




setltxt 


Set Link Test Max Timer - Same 


Not Applicable 




as sltxt 




LCDone 


Link Counter Done 


Not Applicable 


declc 


Decrement Link Counter 


Not Applicable 


ItxtDone 


Link Test Max Timer Dotk 


32 ms 


txe 


Transmit Enable 


Not Applicable 


txc 


Transmit Clock 


Not Applicable 
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TABLE Vn 


bpl = 


linkpulse 




setflmt = 1 


bp2 = 


fimtDone 


bp3== 


linkpulse * fttntDone 




setflmt = 1 


bp4 = 


flmtDone 


bp5 = 


linkpulse * fimtDone 




setflmt = 1 


bp6 = 


ftmiDone 


bp7 = 


linkpulse * Hmt + Done 




setflmt - 1 




fastiink = 1 


bp8 = 


flmtDonc * bnkpulse 




fastiink = 1 




setflmt = 1 


bp9 = 


fimtDone 




fastiink = 1 




setltxt = 1 


bplO=: 


receive 




setlut = 1 




fastiink = 1 


bpll = 


receive * ItxtDone 




resetreg = 1 


bpl2 = 


linkpulse 




setfldt = 1 




setltmt = 1 




setltxt = 1 




fastiink = 1 
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TABLE Vll-continued 



bpl3 = ItmiDone 
fastlink = 1 

shiftrow = 1 

bpl4 = hnkpulsc * ffdlDone 
shift! = 1 
setltxt = 1 
seUtmt = 1 
fastlink = 1 
bpl5 = Unkpulse * fldtDonc 
setltxt = 1 
setitmt = 1 
setfldt - 1 
fastlink = 1 
bpn = linkpulse * ndtDone 
setltxt = 1 
setitmt = 1 
setfldt = 1 
fastlink = 1 
bpiS = ItmDone 

fastlink = 1 
shiftrow = 1 
unconditional 
setfldt = 1 
setitmt = 1 
setltxt = I 
fasthnk = 1 



TABLE VIII 



Tenn 



Meaning 



Value 



setflmt 

flmtDone 

resetreg 



setfldt 
shiftrow 



ftdlDone 
shift! 



shiftO 



Set Fast Unk Max Timer 
Fast Link Max Timer Done 
Reset Registers - Used to 
dear registers upon loss of 
earner 

Set Fast Link Data Timer 
Shift Pointer to next row of 
link data shift register 
Fast Link Data Timer Done 
Shift a 1 bit into the link 
data shift register 
Shift a 0 bit into the link 
data shift register 



156.25 \js 
Not Applicable 
Not Applicable 



93.75 iis 

Not Applicable 

Not Applicable 
Not Applicable 

Not Apphcable 



TABLE IX 



Signal 


Meamng 


ethclock 


Ethernet clock 


farack 


Far acknowledge - used m link 


isogood 


protocol 


Used to indicate isolink pattern 


isotype 


good 


field in isolink pattern indicating 




ISO usage - normal, wideband, none. 




reserved 


loadrxraode 


Load receive mode register 


porttype 


Field m isolink pattern indicating 




port type - node, hub 


reset 


Hardware reset 


resetlink 


Reset signal used to clear contents 




of the receive link registers 


rxmodebus 


Conveys the contents of the received 




link pattern 


setackrx 


Set receive link acknowledge bit 


setlim 


Set link imtialization match - used 




to indicate that the link pattern 




was received consistently 3 times 




and was compaoble with mode of 




device 


setlinm 


Set link imualizauon no match - 




used to indicate that the link 




pattern was received consistendy 3 




times and was not compatible with 




mode of device 
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TABLE IX-continucd 



SignaJ Meaning 



tempiype Template type - field m link 5 

pattern - isoenei, isotoken, 
reserved 

txe Transmit enable 

window Used to frame a group of link pulses 

to ensure that there is exactly 16 

bits ' 
tmodebus Link pattern to be transmitted 

conveyed by this bus 



TABLE X 


Term 


Meamng 


Value 


Ut 


Link Loss Timer 


60 ms 


Itrat 


Link Test Min Timer 


4 ms 


Itxt 


Link Test Max Timer 


32 ms 


fimt 


Fast Link Max Timer 


156.25 us 


fldt 


Fast Link Data Timer 


94 


ipact 


Input Packet from Squelch 


Not Applicable 


sfbnt 


Set Fast Link Max Timer 


Not Applicable 


sitxt 


Set Link Test Max Timer 


Not Applicable 
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What is claimed is: 25 

1. In a network having at least a first data source/sinic and ^ 
a second data source/sink coupled together by a physical 
medium, apparatus for determining at least one protocol 
capability of said second data source/sink, comprising: 

first means, coupled to said first source/sink, for placing 
a first signal onto said physical medium, said first signal 
indicating a first protocol capability of said first source/ 
sink; 

second means, coupled to said second data source/sink, 
for receiving said first signal, 35 

third means, coupled to said second data source/sink, for 
transmitting a second signal onto said physical medium 
when said second data source/sink has said first pro- 
tocol capability, said second signal comprising a plu- 
rality of pulses spaced-apart by a first time interval, and 
a third signal, different from said second signal, when 
said second data source/sink has a second protocol 
capability, said third signal comprising a plurality of 
pulses spaced-apart by a second time interval, different 
from said first time interval; 45 

fourth means, coupled to said first data source/sink, for 
detecting whether said signal transmitted by said sec- 
ond means is said second signal or said diird signal, and 

fifth means, coupled to said first data source/sink, for 
establishing communication widi said second data 50 
source/sink using said first protocol if said fourth 
means detects said second signal and using said second 
protocol if said fourth means detects said third signal. 

2. Apparatus, as claimed in claim 1, wherein said first time 
interval is about 125 microseconds. 55 

3. Apparatus, as claimed in claim 1, wherein said second 
time interval is about 16 milliseconds. 

4. Apparatus, as claimed in claim 1, wherein said second 
signal further comprises a plurality of data pulses, 

5. Apparatus, as claimed in claim 4, wherein each of said 60 
data pulses is generated a predetermined time interval after 
one of said plurality of pulses of said second signal. 

6. Apparatus, as claimed in claim 5, wherein said prede- 
termined time interval is about 62.5 microseconds. 

7. In a network having at least a first data source/sink and 65 
a second data source/sink coupled together by a physical ^ 
medium, a state machine apparatus for generating a first 
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signal for transmission over said physical medium, com- 
prising: 

means for receiving said first signal over physical medium 

indicadng a communication protocol capability of a 
5 first source/sink; 

means for determining whether said first signal has a first 

period or a second period, said second period being 

shorter than said first period; 
means for outputting a second signal, having said first 
10 period, when said first signal has said first period; 

means for preventing output of said second signal when 

said first signal has said second period. 

8. In a network having at least a first data source/sink and 
a second data source/sink coupled together by a physical 
medium, a state machine apparatus for generating a first 
pulsed signal for transmission over said physical medium, 
comprising: 

means for receiving said first pulsed signal over said 

physical medium indicating a communication protocol 

capability of a first source/sink; 
means for determining whether said first pulsed signal has 

a first period or a second period, said second period 

being shoner than said first period; 
means for outputting a second signal, having said second 

period, when said first signal has said second period 
^ and after a predetermined number of pulses of said first 

signal have been received. 

9. Apparatus, as claimed in claim 8, wherein said prede- 
termined number of pulses is three, 

10. Apparatus, as claimed in claim 8 wherein said first 
30 pulsed signal comprises a plurality of periodic pulses and a 

plurality of data pulse windows located a predetermined 
period after each of said periodic pulses and further com- 
prising: 

means for determining the state or said first signal in at 
33 least some of said plurality or data pulse windows. 

11. In a network having at least a first data source/sink and 
a second data source/sink coupled together by a physical 
medium, a method for determining at least one protocol 
capability of said second data source/sink, comprising: 

^ placing a first signal onto said physical medium by said 
first data source/sink, said fijrst signal indicating a first 
protocol capability of said first source/sink; 
receiving said first signal in said second data source/sink, 
transmitting a second signal onto said physical medium 
by said second source/sink when said second data 
source/sink has said first protocol capability, said sec- 
ond signal comprising a plurality of pulses space-apart 
by a first time interval, and outputting a third signal, 
different from said second signal, when said second 

50 data source/sink has a second protocol capability, said 
third signal comprising a plurality of pulses spaced- 
apart by a second time interval, different from said first 
time interval; 

detecdng, in said first data source/sink, whether said 
55 signal transmitted by said second means is said second 
signal or said third signal, and 
establishing communication with said second data source/ 
sink using said first protocol if said fourth means 
detects said second signal and using said second pro- 
60 tocol if said fourth means detects said third signal. 

12. A method, as claimed in claim 11, wherein said second 
signal further comprises a plurality of data pulses. 

13. A method, as claimed in claim 12, wherein each of 
said data pulses is output a predetermined time interval after 

65 one of said plurality of pulses of said second signal. 



coupled together by a physical me dium- a method for determining at least one protocol capability 
of the second data source/sink, comprising: 

placi ng first data pulses onto the physical medium, the first data pulses indicating a first 
protocol capability of the first source/sink: 

receiving the fi rst data pulses in the second data source/sink: 

transmitting second data puls es onto the physical medium fi-om the second data 
source/sink, wherein the second dat a pulses indicate the first protocol capability when the second 
data source/sink has t he first protocol capability, wherein the second data pulses indicate a 
second protocol capability when t he second data source/sink has the second protocol capability: 

detecting whether the secon d pulses indicate the first protocol capability or the second 
protocol capability: and 

establishing c ommunication with the second data source/sink using the first protocol if 
the second data pulses indicate the first protocol capability and using the second protocol if the 
second data pulses indicate the second protocol capability. 

1^^ In a network having at least a first data source/sink and a second data source/sink , 

coupled together by a physical m edium, a method for determining a communication protocol 
capability for data fo r transmission over the physical medium, comprising: 

receiving first data pulses over the physical medium: 

determining whether the fir st data pulses indicate a first communication protocol 
capability: 



selectively outputting seco nd data pulses in response to the first data pulses, wherein the 
second data pulses are output if the second data source/sink operates in accordance with the first 
communication protocol capabihty: and 

preventing output of the second data pulses if the second data source/sink does not 
operation in accordance with the first communication protocol capability. 

16^ A method for communicating data between a first data source/sink and a second ^ 

data source/sink, the second data source/sink operating in accordance with a plurahty of protocol 
capabilities, the method comprising the steps of: 

storing infor mation in a first storage location in the first data source/sink: 

extracting inf ormation fi-om data pulses transmitted fi:om the second data source/sink to 
the first data source/si nk and storing the extracted information in a second storage location: 

at the first dat a source/sink, determining the protocol capabilities of the second data 
source/sink: and 

determining the method fo r communicating data between the first data source/sink and 
the second data sourc e/sink based upon the determined protocol capabilities of the second data 
source/sink. 

IZ The method of claim 16. wherein the first or second storage locations comprise a 

register, a memory or a table. 

18. The method of claim 16. wherein the information stored in the first storage 

location is encoded into data pulses and transmitted fi-om the first data source/sink to the second 
data source/sink. 

19. The metho d of claim 16. wherein a state machine determines the protocol 

capabihties of the second data source/sink. 



20, The method of claim 1 6. wherein the data communicated between the first data 

source/sink and the s econd data source/sink comprises an isochronous data. 

2L The method of claim 20. wherein the isochronous data comprises video data. 

22, The method of claim 2 0. wherein the isochronous data comprises telephone data. 

23, The method of claim 16. wherein the data is conmiunicated between the first data 

source/sink and the s econd data source/sink in accordance with a protocol selected from the 
group consisting of: isochronous token ring, isochronouse Ethernet, non-isochronous Ethernet. 
FDDML andX.25. 

2A The method of claim 16. wherein the first and second data sources/sinks comprise 

a portion of a star topology network. 

25^ The method of claim 1 6, wherein the first and second data sources/sinks comprise 

a portion of a non-star topology network. 

26, The meth od of claim 16. wherein the first and second data sources/sinks comprise 

a portion of a ring topology network. 

2L The method of claim 16. wherein the first and second data sources/sinks comprise 

a portion of a tree topology network. 

28^ The meth od of claim 16. wherein a physical medium coupled between the first 

data source/sink and t he second data source/sink comprises a twisted pair, coax cable or fiber 
optic. 

2SL A method for communicating data between a first data source/sink and a second 

data source/sink, the method comprising the steps of: 

communicating data be tween the first data source/sink and the second data source/sink in 
accordance with a first commimication protocol: 



exchanging information between the first data source/sink and the second data 
source/sink that indicat es protocol capabihties of the first and/or second data source/sinks: 
reconfiguring the first and second data source/sinks: and 

communicating data bet ween the first data source/sink and the second data source/sink in 
accordance with a second communication protocol. 

30l The method of claim 29. wherein the information that indicates protocol 

capabihties is stored in a register, a memory or a table. 

3L The method of claim 29. wherein a state machine determines the protocol 

capabihties of the data sources/sinks. 

32^ The method of claim 29. wherein data communicated between the first data 

source/sink and the second data source/sink comprises an isochronous data. 

33, The method of claim 32. wherein the isochronous data comprises video data. 

34 The meth od of claim 32. wherein the isochronous data comprises telephone data. 

35, The method of claim 29. wherein the data is communicated between the first data 

source/sin k and the second data source/sink in accordance with a protocol selected from the 
group consisting of: isochronous token ring, isochronouse Ethernet, non-isochronous Ethernet. 
FDDML and X.25. 

36, The meth od of claim 29. wherein the first and second data sources/sinks comprise 

a portion of a star topology network. 

3Z The method of claim 29. wherein the first and second data sources/sinks comprise 

a portion of a non-star topology network. 

38. The method of claim 29. wherein the first and second data sources/sinks comprise 

a portion of a ring topology network. 



^ The method of claim 29. wherein th e first and second data sources/sinks cnmpri sR 

a portion of a tree topology network. 

40^ The method of claim 29 , wherein a physical medium coupled between the first 

data source/sink and the second data sour ce/sink comprises a twisted pair, coax cable or fiher 
optic. 

A method for communic ating data between a first data source/sink and a second 

data source/sin k, the method comprising the steps of: 

exchanging informatio n between the first data source/sink and the second data 

source/sink that indicates protocol capabiliti es of the first and/or second data sources/sinks 
5 wherein the protocol capabilities of t h e first and second data sources/sinks include at least first 

and secon d protocol capabilities: 
m communicating data between the first data source/sink and the second data source/sink iti 

accordance with a first communication protocol at a first point in time: 
Q configuring the first and second da t a source/sinks to operate in accordance with a second 

7^3 communication protocol: and 

■jj communicating data between the fir st data source/sink and the second data source/sink in 

accordance wit h the second communication protocol. 

^ The method of claim 41 . wherein the information that indicates protocol 

capabilities is st ored in a register, a memory or a table. 

^ The method of claim 4 L wherein a state machine determines the protocol 

capabihties of the data sources/sinks. 

44. The method of claim 41 .. wherein data communicated between the first data 

source/sink and the second data source/sink comprises an isochronous data. 



45^ The method of claim 4 4. wherein the isochronous data comprises video data. 

46^ The method of claim 4 4. wherein the isochronous data comprises telephone data. 

4Z The method of claim 41. wherein the data is communicated between the first data 

source/sink and the second data s ource/sink in accordance with a protocol selected from the 
group consisting of: isochronous t oken ring, isochronouse Ethernet, non-isochronous Ethernet. 
FDDI-IL and X.25. 

^ The method of claim 41. wherein the first and second data sources/sinks comprise 

a portion of a star topology network. 

49 The method of claim 41 , wherein the first and second data sources/sinks comprise 

a portion of a non-star topology network. 

.50, The method of claim 41. wherein the first and second data sources/sinks comprise 

a portion of a ring topology network. 

The method of claim 4 1. wherein the first and second data sources/sinks comprise 

a portion of a tree topology network. 

52^ The method of claim 41. wherein a physical medium coupled between the first 

data source/sink and the second d ata source/sink comprises a twisted pair, coax cable or fiber 
optic. 



ABSTRACT 



Support for a mixed network environment is provided which 
can contain multiple isochronous and/or non-isochronous 
LAN protocols such as Isochronous-Ethernet, Ethernet, iso- 
chronous-token ring, token ring, other isochronous-LAN or 
other LAN Systems, Suppon for a mixed environment 
includes a protocol detection mechanism which is embodied 
in a handshaking scheme. This handshaking scheme deter- 
mines the signalling capability at the end points of the link 
and implements the correct protocol. This enables isochro- 
nous nodes and hubs to automadcally detect the presence of 
Ethernet, token ring, or other LAN equipment at the other 
and of the network cable. If diis detection occurs, the 
isochronous LAN equipment will fall-back to a LAN com- 
pliant mode of operation. Typically, only the hub will have 
the capability of operating in different networking modes, 
such as Ethernet, Token Ring isochronous modes. The hub 
will listen for some form of idendfication from the attached 
nodes as to the type of service to provide — isochronous or 
non-isochronous; Ethernet, token ring or other LAN service. 
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